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The effect of a weight gain prevention
intervention on moderate-vigorous physical
activity among black women: the Shape
Program
Mary L. Greaney1*, Sandy Askew2, Sherrie F. Wallington3, Perry B. Foley2, Lisa M. Quintiliani4 and Gary G. Bennett2,5

Abstract
Background: Rates of physical inactivity are high among Black women living in the United States with overweight
or obesity, especially those living in the rural South. This study was conducted to determine if an efficacious weight
gain prevention intervention increased moderate-vigorous physical activity (MVPA).
Methods: The Shape Program, a weight gain prevention intervention implemented in community health centers in
rural North Carolina, was designed for socioeconomically disadvantaged Black women with overweight or obesity.
MVPA was measured using accelerometers, and summarized into 1- and 10-min bouts. We employed analyses of
covariance (ANCOVA) to assess the relationship between changes in MVPA over 12 months, calculated as a change
score, and intervention assignment (intervention versus usual care).
Results: Participants completing both baseline and 12-month accelerometer assessments (n = 121) had a mean
age of 36.1 (SD = 5.43) years and a mean body mass index of 30.24 kg/m2 (SD = 2.60). At baseline, 38% met the
physical activity recommendation (150 min of MVPA/week) when assessed using 10-min bouts, and 76% met the
recommendation when assessed using 1-min bouts. There were no significant differences in change in MVPA
participation among participants randomized to the intervention from baseline to 12-months using 1-min bouts
(adjusted intervention mean [95% CI]: 20.50 [−109.09 to 150.10] vs. adjusted usual care mean [95% CI]: -80.04 [−209.
21 to 49.13], P = .29), or 10-min bouts (adjusted intervention mean [95% CI]: 7.39 [−83.57 to 98.35] vs. adjusted
usual care mean [95% CI]: -17.26 [−107.93 to 73.40], P = .70).
Conclusions: Although prior research determined that the Shape intervention promoted weight gain prevention,
MVPA did not increase significantly among intervention participants from baseline to 12 months. The classification
of bouts had a marked effect on the prevalence estimates of those meeting physical activity recommendations.
More research is needed to understand how to promote increased MVPA in weight gain prevention interventions.
Trial registration: This study is registered at www.clinicaltrials.gov database (No. NCT00938535. Retrospectively
Registered 7/10/2009).
Keywords: Accelerometers, Black women, Exercise, Accelerometers, Obesity
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Background
Black women in the United States are disproportionately affected by the obesity epidemic [1–3] with four out of every
five Black women having overweight or obesity [2]. Obesity
rates are greater among Black adults living in rural areas of
the United States than in urban areas (56% versus 43%) [4].
Black women have low levels of physical activity and high
rates of sedentary behavior compared to women in other
racial/ethnic groups [5, 6], which increases their risk of
negative health outcomes associated with obesity, physical
inactivity, and sedentary behaviors [7–11].
Adults often gain an average of 0.5–1 kg per year
throughout middle age [12, 13], with Black women gaining weight at a greater rate than White women. Weight
loss approaches often have only modest impacts; only
about 20% of people sustain their weight loss [14].
Therefore, a new paradigm may be useful [15]. Weight
gain prevention interventions that focus on weight
maintenance and not weight loss may be a valuable new
approach to ameliorate or reduce obesity. This approach
may be particularly salient for Black women with overweight or obesity, since they have a greater tolerance of
a heavier body size [16].
Participation in moderate-vigorous physical activity
(MVPA) may be an important strategy for preventing
weight gain [17–20]. However, only a limited number of
weight gain prevention interventions have focused on
and/or have assessed the impact of the intervention on
participants’ physical activity [21]. Research in this area
is needed because physical activity is a weight maintenance strategy that may have important spillover health
benefits. In order to address this gap, we examined the
impact of The Shape Program, a weight gain prevention
program designed for Black women living in the rural
South with overweight or obesity [15, 22], on MVPA.
Methods
The Shape Program

The Shape Program (henceforth referred to as Shape)
was a randomized controlled trial of a 12-month weight
gain prevention intervention implemented in rural
North Carolina community health centers between 2009
and 2012. The intervention prevented weight gain at 12
and 18 months [22] and has been described in detail
elsewhere [15]. Participants were Black female patients
aged 25–44 with a body mass index (BMI) of 25–
34.9 kg/m2 who had made at least one visit to the participating health care system in the previous 24 months,
and were fluent in English.
Ethics, consent, and permission

Participants provided signed informed consents and
completed baseline assessments. Next, they were fitted
with accelerometers, and then randomized to either the
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intervention arm or usual care. Participants completed
additional assessments at 12 months post-enrollment
and were again fitted with accelerometers. The study
was approved by the Institutional Review Board at Duke
University.
The Shape intervention

The Shape intervention was developed using social
cognitive theory [23], with self-efficacy selected as the
primary mediator [15]. The intervention utilized the
interactive obesity treatment approach (iOTA), where individuals self-monitor concise and easy to comprehend
tailored behavior change goals. iOTA reduces literacy
and numeracy issues that may occur in traditional lifestyle interventions for weight management [15, 22]. Individuals randomized to the intervention arm received: (a)
tailored behavior change goals to promote the prevention of weight gain; (b) skills training materials; (c)
weekly interactive voice response (IVR) telephone calls
for self-monitoring behaviors; (d) monthly telephone
coaching from a registered dietitian trained in motivational interviewing; and (e) a no-cost 12-month membership to a YMCA facility of their choice. Based on our
prior work [24, 25], participants were assigned goals
(versus selecting their own) to maximize the likelihood
of success. Goals were tailored to the individual using an
algorithm accounting for the participant’s need for
change, self-efficacy, and readiness for change. Goals
were updated every 8 weeks based on output from the
original algorithm, with one goal always focused on
physical activity. For example, one goal was to walk 7000
steps per day, which increased to 8000 and then 10,000
steps when the goal was regularly met. For the first 8
weeks, individuals were assigned three goals, and for the
rest of the intervention period individuals were assigned
four goals for each 8-week interval.
Printed skills training materials, tailored to participants’ assigned behavior change goals, were designed for
low-literacy audiences [26] and included information
(e.g., overcoming barriers to physical activity, portion
sizes, food shopping tips, healthy recipes) and tracking
logs specific to each assigned goals. The training materials also included information useful for behavior
change regardless of the behavior (e.g., implementing social environmental change, managing time). Participants
received their first set of skills training materials at the
baseline assessment and were mailed additional materials every 8 weeks throughout the intervention period
when new goals were assigned.
During the coaching calls, health coaches utilized principles of motivational interviewing when reviewing selfmonitoring data and when assisting participants in their
change efforts. They also offered participants information on a range of topics such as negotiating barriers,
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engaging social support, identifying ways to be physically
active throughout the day, and maintaining motivation.
Although the intervention was implemented in the
primary care setting, with the exception of a 12month YMCA membership provided at no cost, intervention components were designed to be completed
at participants’ homes. Participants randomized to
usual care arm were mailed semi-annual newsletters
during the intervention period. These newsletters covered general wellness topics but did not address physical activity, nutrition or weight.
Measures
Physical activity

At the baseline and 12-month assessments, participants
were fitted with accelerometers (Actical, Philips Respironics, Inc., Bend, OR, USA). Accelerometers were placed
on participants’ non-dominant wrists using plastic locking wrist straps (like a wristwatch) that could only be removed by being cut off. Participants were asked to wear
the accelerometers continuously until their return visit
approximately 14 days later and were informed that the
device could be worn while showering and sleeping and
only needed to be removed if swimming for more than
30 min. The accelerometer data were screened and processed using procedures consistent with recent recommendations [27, 28]. Complete files were defined as
those in which participants wore the monitor for seven
or more days for at least 10 h of valid wear time per day.
The raw data files were converted into minute-byminute values of activity energy expenditure (AEE; kcal/
kg/min) using a previously published calibration algorithm [29], and summarized into 1- and 10-min bouts of
MVPA. We calculated 10-min bouts to align with
current physical activity recommendations [30] and,
given the low rates of Black women meeting physical activity recommendations [5, 6], we wanted to explore
whether participants increased their MVPA if shorter
bouts of MVPA were taken into account. Both 1-min
and 10-min bouts were used to determine whether participants met current physical activity recommendations
(150+ minutes of MVPA/week).
Health-related measures

Trained study staff measured weight to the nearest
0.1 kg using a portable electronic scale (Seca Model
876) and measured height using a calibrated wallmounted stadiometer (Seca 214). Height and weight
were then used to calculate body mass index (BMI).
As part of the baseline survey, participants reported
their perceived health status, which was assessed
using the Medical Outcomes Study Short-Form; response categories were dichotomized (excellent/very
good/good versus fair/poor) [31].
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Demographic measures

Examined demographic variables included age, marital/
partner status, educational attainment, employment status, income, and number of children in the household.
The last two measures were used to determine if participants’ household incomes were above or below/borderline the federal poverty line based on the 2010 federal
poverty guidelines for income and household size. For
example, a family of three with a reported household income falling in the category of $10,000–$19,999 would
be classified as being borderline/at the federal poverty
level of $18,301 [32], while those with lower incomes
were classified as being below the federal poverty level,
and those with higher incomes were classified as being
above the federal poverty level.
Analysis

The analytic sample included participants who completed
the accelerometer protocol at the baseline and 12-month
assessments (n = 121, 63.3% of the baseline sample, see
Fig. 1.). We calculated descriptive statistics for all key variables at baseline and used t-tests and chi square tests to
determine if there were differences between the intervention and usual care groups in sociodemographics, healthrelated measures, MVPA participation, and in meeting
the physical activity recommendation at baseline as
assessed by 1-min and 10-min bouts. Likewise, we
tested for differences between participants in our analysis sample and those participants excluded due to
insufficient accelerometer data.
We employed analyses of covariance (ANCOVA) to
assess the relationship between change in MVPA over
12 months, calculated as a change score, and intervention assignment (intervention versus usual care). We
used step-wise model selection methods using F-tests
(P = .20 entrance criteria and a P = .10 staying criteria)
and several criterion-based procedures (best Akaike Information Criterion (AIC), Mallows Cp, SBC or adjusted
R2) to identify the best model from the health-related
and demographic variable pool for change in total
MVPA minutes per week using 10-min bouts. The pool
consisted of available health-related measures (health
status, BMI) and demographic characteristics (age, education, employment status, poverty level, marital/partner
status and number of children in household) believed to
potentially impact physical activity. Although the models
identified by each technique were similar, slight variations were present; we selected the model created by our
F-test sequence, which also had the best AIC and best
Mallow’s Cp as the final model. This model included
poverty level and BMI as covariates. We used a similar
procedure for the 1-min bouts data, but none of these
criteria agreed on a single best model. Therefore we selected the model suggested by our significance-based
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Patient Enrollment

6 Primary care settings participated

607 Potentially eligible patients identified
through abstraction
94 Were never reached
513 Assessed for eligibility

319 Were excluded
148 Were ineligible
171 Were uninterested

8 Were BMI ineligible at screening visit
5 Were eligible, but not randomized

Analysis: Patients

Follow-Up: Patients

Allocation: Patients

194 Randomized

97 Assigned to usual care
94 Received usual care
3 Became ineligible due to pregnancy

97 Were assigned to intervention
91 Received intervention
6 Did not receive intervention
3 Became ineligible due to pregnancy
2 Relocated
1 Had a cancer diagnosis

90 Completed 6-month assessment
4 Were lost to follow-up

87 Completed 6-month assessment
4 Were lost to follow-up

91 Completed 12-month assessment
3 Were lost to follow-up

86 Completed 12-month assessment
5 Were lost to follow-up

61 Were included in current study
(completed the accelerometer protocol at the
baseline and 12-month assessments)

60 Were included in current study
(completed the accelerometer protocol at the
baseline and 12-month assessments)

Fig. 1 Consort Diagram

criteria, since it included poverty level and BMI as covariates, which was consistent with the 10-min bout
model.

Results
Participants (n = 121) had a mean age of 36.1 (SD = 5.43)
years and a mean BMI of 30.24 kg/m2 (SD = 2.60) (See
Table 1.). The majority was employed (78%), not married/partnered (70%), and had a family income that
placed them borderline/at or below the federal poverty
level (62%). Participants who were excluded due to missing data (n = 64) were younger (mean age ± SD:
34.1 ± 5.4 years versus 36.1 ± 5.4 years, p = .02) and less
likely to be employed (59% vs. 78%, p = .01). There were
also marginal differences in the likelihood of reporting
health as good, very good or excellent (47% versus 62%,
p = .054), and of having children (44% versus 29%,
p = .051). No significant differences were observed in

the remaining demographic or health-related measures
between the analytic sample for this study and Shape
participants who were excluded due to missing accelerometer data (data not shown). Furthermore, there were
no significant differences in the demographic or healthrelated measures between the intervention group and
usual care groups (see Table 1).
About one-third (38%) of participants met the physical
activity recommendation at baseline when assessed using
10-min bouts; this percentage increased to 76% when
assessed using 1-min bouts (see Table 2). Participants
randomly assigned to the usual care group participated
in more MVPA during the baseline measurement period
(see Table 2). However, there were no significant differences in MVPA participation by either group at
12 months or in the percent of participants meeting the
physical activity recommendation at either baseline or
12 months. Furthermore, there was no significant
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Table 1 Baseline characteristics of The Shape Program participants with baseline and 12-month accelerometer data (n = 121)
Total (n = 121)

Usual Care (n = 61)

Intervention (n = 60)

%

n

%

n

%

n

36.12

5.43

35.62

5.76

36.62

5.07

P value

Demographics
Age (mean years)a
Education

.32
.997

< high school (HS) diploma

10.08

12

10.00

6

10.17

6

HS diploma or GED

28.57

34

28.33

17

28.81

17

Some college or more

61.34

73

61.67

37

61.02

36

Federal poverty level (FPL)

.90

Above FPL

37.29

44

35.59

21

38.89

23

Borderline/at FPL

32.20

38

32.20

19

32.20

19

Below FPL

30.51

36

32.20

19

28.81

17

Marital/Partner status

.51

Currently married/partnered

29.91

35

32.76

19

27.12

16

Not married/partnered

70.09

82

67.24

39

72.88

43

None

70.54

79

64.81

35

75.86

44

1 or more

29.46

33

35.19

19

24.14

14

Number of children in household

.20

Employment status

.26

Employed (full or part time)

77.97

92

73.77

45

82.46

47

Not employed

22.03

26

26.23

16

17.53

10

30.24

2.60

30.27

2.37

30.22

2.76

Good/Very Good/Excellent

61.67

74

58.55

35

65.00

39

Fair/Poor

38.33

46

41.67

25

35.00

21

Health-related variables
BMI (kg/m2)a
Perceived health status

.92
.45

Note:
a
Means and standard deviations are presented (vs. % and n).2 = 150 min of moderate-vigorous PA/week

Table 2 Moderate-vigorous physical activity (MVPA) participation of The Shape Program participants with baseline and 12-month
accelerometer data (n = 121)
Total
(n = 121)

Usual Care
(n = 61)

P value

Intervention
(n = 60)

Met physical activity rec.

%

n

%

n

%

n

Baseline (1-min bouts)

76.0

92

77.1

47

75.0

45

.83

Baseline (10-min bouts)

38.0

46

41.0

25

35.0

21

.58

12 months (1-min bouts)

69.4

84

75.4

46

63.3

38

.17

12-months (10-min bouts)

31.4

38

34.4

21

28.3

17

.56

Minutes MVPA/week

Mean

SD

Mean

SD

Mean

SD

Baseline (1-min bouts)

438.69

445.0

546.11

549.90

329.47

266.88

.007

Baseline (10-min bouts)

202.65

308.05

262.33

387.18

141.98

182.00

.03

12-months (1-min bouts)

396.98

471.23

455.00

518.69

337.98

413.54

.17

12-months (10-min bouts)

189.17

327.43

237.54

396.62

140.00

230.65

.10
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change in MVPA over the intervention period (see
Table 3) or significant difference in changes in MVPA by
group assignment over the intervention period (see
Table 4).
We conducted a sensitivity analyses that excluded the
9.7% who participated in no moderate to vigorous activity at baseline to determine if the intervention resulted
in increased MVPA among participants who were participating in some MVPA at baseline; results remained
the same (data not shown).

Discussion
Shape was a multicomponent intervention previously
shown to prevent weight gain in a sample of socioeconomically disadvantaged Black women who have overweight or obesity [15], a population with low rates of
physical activity [5]. Given the importance of physical
activity for weight maintenance [17–20] and overall
health benefits independent from weight [33], we wanted
to determine whether the Shape intervention increased
MVPA. Analyses determined that MVPA did not increase over the 12-month intervention period. This finding, combined with the known efficacy of the Shape
intervention, suggests that the weight gain prevention
may have been due to dietary changes rather than increases in MVPA. It is possible that participants viewed
diet-related changes as being more valuable and/or easier to integrate into their daily lives. It also is conceivable
that participants prioritized dietary change goals, since
more of the Shape behavioral changes goals focused on
dietary changes than on physical activity. Future research in the weight gain prevention intervention arena
would be well poised to investigate these beliefs and attitudes. In addition, research is needed to understand how
to stress the importance of physical activity for overall
health and how to promote both MVPA and dietary
changes in weight gain prevention interventions. For example, a recent review of interventions that compared
the effects of presenting behaviors either simultaneously
or sequentially found that both approaches appeared to
be effective on one, but not both outcomes [34]. Thus,
additional questions remain for the optimal design of
multiple behavior interventions to encourage behavior
change across all targeted outcomes.
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This study adds to the small body of research examining whether physical activity changes during the course
of a weight gain prevention intervention. A recent study
of a 2-year weight gain prevention intervention for
students attending community college found that the
intervention did not increase physical activity or reduce
sugar-sweetened beverage intake, but did promote
reductions in fast food intake [35]. Another recent randomized controlled trial of a weight gain prevention
intervention determined that more than half of the
participants [62.0% of sample, 56.3% of completers]
maintained their body weight over the 12-month intervention, but energy expenditure did not change [36].
Study participants (n = 87) were premenopausal women
between the ages of 18–45 with a BMI >18.5 kg/m2; 12%
were Black.
Interventions that have focused on increasing physical
activity among predominantly Black participants have
had limited success [37, 38]. The Shape intervention addressed possible structural barriers to physical activity
due to lack of access and opportunities [39, 40] by providing intervention participants with a no-cost membership to a local YMCA with available child care vouchers.
About three-quarters (70.3%, n = 64) of the women activated their YMCA memberships but use of the memberships was limited, with 42.2% (n = 27) of the women
making no subsequent visits to the YMCA over the 12month intervention period. Women living near/below
the federal poverty line and those who met the physical
activity guidelines (assessed using 10-min bouts) were
more likely to visit the gym at least once after activating
their memberships [41]. Although YMCA memberships
were provided, the Shape intervention messages primarily emphasized lifestyle-based physical activity changes –
such as parking one’s car further away – to gain
additional steps. It is possible that Shape participants
perceived themselves as already being physically active
and that this message did not resonate.
Shape health coaches discussed with intervention participants the importance of physical activity and provided
strategies such as planning ahead, time management, and
seeking social support to promote physical activity. In
retrospect, it may have been beneficial to place greater
emphasis on accumulating MVPA in 10-min bouts

Table 3 Results from ANCOVA models estimating moderate-vigorous physical activity (MVPA) change over 12 months among
participants in the Shape Program (n = 118)
MVPA at 12 months (1-min bouts) final model

MVPA at 12 months (10-min bouts) final model

Type III SS

F value

P value

DF

Type III SS

F value

P value

Random assignment

1

297,540.98

1.19

.28

1

17,894.45

0.15

.07

BMI (kg/m2)

1

683,372.27

2.73

.10

1

284,526.03

2.31

.13

Federal poverty level

2

1,457,041.95

2.91

0.06

2

848,682.20

3.44

.04

DF

Note:
a
DF Degrees of freedom

a
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Table 4 Adjusted mean change in weekly moderate-vigorous physical activity (MVPA) among participants in the Shape Program by
intervention status estimated by ANCOVA models (n = 118)
Adjusted 12-month mean change in MVPA (95% CI), minutes/week
Intervention (n = 59)

Control (n = 59)

Between group difference

P value

1-min bouts

20.50 (−109.09, 150.10)

-80.04 (−209.21, 49.13)

100.54 (−82.20, 283.29)

.29

10-min bouts

7.39 (−83.57, 98.35)

-17.26 (−107.93, 73.40)

24.66 (−103.61, 152.92)

.70

because the classification of bouts had a marked effect on
the prevalence estimates of those meeting physical activity
recommendations; at baseline, 76% of participants were
classified as meeting the recommendation when using 1min bouts versus 38% when using 10-min bouts. Similarly,
a validation study conducted by Wolin et al. [42] found
notable differences in mean minutes of moderate physical
activity per week among Black women living in public
housing when assessed by 1-min or 10-min bouts [660
(SD = 345) versus 91 (SD = 110) minutes/week, respectively]. The increase in the percentage of participants classified as meeting the physical activity recommendation
when 1-min bouts were used indicates that study participants did participate in MVPA, but there was a need for
bouts of longer duration. Future intervention efforts
should focus on helping individuals who participate in
short (< 10-min) bouts of MVPA increase the duration of
their MVPA.
Study findings should be considered in light of study
strengths and limitations. Study strengths include the
use of objectively measured MVPA as well as a sample
that is often underrepresented in obesity prevention
trials [43]. However, as the study was conducted with
low-income Black women living in the South, results of
the study may have limited generalizability to other
overweight and obese populations. In addition, our sample was a subset of the entire study sample, and it is not
known whether the inclusion of participants with insufficient accelerometer data may have had an impact on the
study findings. It would be informative to conduct qualitative research to determine why participants did not
complete the accelerometer protocol, as this research
could provide insights into increasing compliance. Furthermore, despite being randomly assigned to study
arms, individuals randomized to usual care participated
in greater MVPA at baseline when assessed using 1-min
and 10-min bouts, although there was no difference in
meeting the physical activity recommendation by study
arm. Lastly, this study focused on MVPA and did not
investigate changes in light intensity physical activity.

Conclusion
In summary, study results determined that Shape was not
effective in increasing MVPA among a sample of Black
women with overweight or obesity, although prior research determined that the Shape intervention prevented

weight gain. Intervention participants may have focused
on making dietary changes over increasing physical activity. Results of this study add to the limited extant research
examining changes in physical activity occur during the
course of a weight gain prevention intervention and can
inform future weight gain prevention intervention messages. In addition, the classification of bouts had a marked
effect on the prevalence estimates of those meeting
physical activity recommendations. More research is
needed to understand how to present both physical
activity and dietary changes in weight gain prevention
interventions and how to stress the importance of
physical activity for overall health.
Abbreviations
ANCOVA: Analysis of covariance; BMI: Body mass index; FPL: Federal poverty
level; MVPA: Moderate-vigorous physical activity; PA: Physical activity
Acknowledgments
We would like to thank the administration and staff of Piedmont Health for
their participation in The Shape Program. We also would like to especially
thank the women who participated in Shape.
Funding
The Shape Program was funded by grant R01DK078798 from the National
Institute for Diabetes and Digestive and Kidney Diseases.
Availability of data and materials
The datasets generated during and/or analyzed during the current study are
available from the corresponding author upon reasonable request.
Authors’ contributions
MLG and GGB designed the study. PF oversaw all data collection. SA
conducted all analyses. MLG led the drafting of the manuscript. SA, GGB, PF,
SFW, LMQ participated in revising the draft versions of the manuscript and
provided critical comments during the process. All authors approved the
final manuscript.
Ethics approval and consent to participate
The study was approved by the Institutional Review Board at Duke University.
All participants provided informed consent to participate in the study.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Department of Kinesiology and Health Studies, 25 West Independence Way,
University of Rhode Island, Kingston, RI 02881, USA. 2Duke Global Digital
Health Science Center, Duke Global Health Institute, Duke University,

Greaney et al. International Journal of Behavioral Nutrition and Physical Activity (2017) 14:139

Durham, NC 27710, USA. 3Georgetown Lombardi Comprehensive Cancer
Center, Georgetown University, Washington, D.C. 20007, USA. 4Section of
General Internal Medicine, Department of Medicine, Boston University,
Boston, MA 02118, USA. 5Department of Psychology and Neuroscience, Duke
University, Durham, NC 27708, USA.
Received: 16 May 2017 Accepted: 9 October 2017

References
1. Flegal KM, Carroll MD, Kit BK, Ogden CL. Prevalence of obesity and trends in
the distribution of body mass index among US adults, 1999-2010. JAMA.
2012;307:491–7.
2. Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of childhood and adult
obesity in the United States, 2011-2012. JAMA. 2014;311:806–14.
3. Flegal KM, Kruszon-Moran D, Carroll MD, Fryar CD, Ogden CL. Trends in obesity
among adults in the United States, 2005 to 2014. JAMA. 2016;315:2284–91.
4. Befort CA, Nazir N, Perri MG. Prevalence of obesity among adults from rural
and urban areas of the United States: findings from NHANES (2005-2008). J
Rural Health. 2012;28:392–7.
5. Roger VL, Go AS, Lloyd-Jones DM, Benjamin EJ, Berry JD, Borden WB, et al.
Heart disease and stroke statistics–2012 update: a report from the American
Heart Association. Circulation. 2012;125:e2–220.
6. Hooker SP, Hutto B, Zhu W, Blair SN, Colabianchi N, Vena JE, et al.
Accelerometer measured sedentary behavior and physical activity in white
and black adults: the REGARDS study. J Sci Med Sport. 2016;19:336–41.
7. Lee I-M, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk PT, et al. Effect
of physical inactivity on major non-communicable diseases worldwide: an
analysis of burden of disease and life expectancy. Lancet. 2012;380:219–29.
8. Ekelund U, Steene-Johannessen J, Brown WJ, Fagerland MW, Owen N,
Powell KE, et al. Does physical activity attenuate, or even eliminate, the
detrimental association of sitting time with mortality? A harmonised metaanalysis of data from more than 1 million men and women. Lancet. 2016;
doi: 10.1016/S0140-6736(16)30370-1
9. Patel AV, Bernstein L, Deka A, Feigelson HS, Campbell PT, Gapstur SM, et al.
Leisure time spent sitting in relation to total mortality in a prospective
cohort of US adults. Am J Epidemiol. 2010;172:419–29.
10. Matthews CE, George SM, Moore SC, Bowles HR, Blair A, Park Y, et al.
Amount of time spent in sedentary behaviors and cause-specific mortality
in US adults. Am J Clin Nutr. 2012;95:437–45.
11. Thorp AA, Owen N, Neuhaus M, Dunstan DW. Sedentary behaviors and
subsequent health outcomes in adults a systematic review of longitudinal
studies, 1996-2011. Am J Prev Med. 2011;41:207–15.
12. Colditz GA, Willett WC, Rotnitzky A, Manson JE. Weight gain as a risk factor
for clinical diabetes mellitus in women. Ann Intern Med. 1995;122:481–6.
13. Mozaffarian D, Hao T, Rimm EB, Willett WC, Hu FB. Changes in diet and
lifestyle and long-term weight gain in women and men. N Engl J Med.
2011;364:2392–404.
14. Wing RR, Hill JO. Successful weight loss maintenance. Annu Rev Nutr. 2001;
21:323–41.
15. Foley P, Levine E, Askew S, Puleo E, Whiteley J, Batch B, et al. Weight gain
prevention among black women in the rural community health center
setting: the shape program. BMC Public Health. 2012;12:305.
16. Flynn KJ, Fitzgibbon M. Body images and obesity risk among black females:
a review of the literature. Ann Behav Med. 1998;20:13–24.
17. Brown WJ, Kabir E, Clark BK, Gomersall SR. Maintaining a healthy BMI: data
from a 16-year study of young Australian women. Am J Prev Med. 2016;51:
e165–78.
18. Sternfeld B, Wang H, Quesenberry CP Jr, Abrams B, Everson-Rose SA,
Greendale GA, et al. Physical activity and changes in weight and waist
circumference in midlife women: findings from the study of Women’s
health across the nation. Am J Epidemiol. 2004;160:912–22.
19. Pavey TG, Peeters GMEEG, Gomersall SR, Brown WJ. Long-term effects of
physical activity level on changes in healthy body mass index over 12 years
in young adult women. Mayo Clin Proc. 2016;91:735–44.
20. Pronk NP, Wing RR. Physical activity and long-term maintenance of weight
loss. Obes Res. 1994;2:587–99.
21. Hutfless S, Gudzune KA, Maruthur N, Wilson RF, Bleich SN, Lau BD, et al.
Strategies to prevent weight gain in adults: a systematic review. Am J Prev
Med. 2013;45:e41–51.

Page 8 of 8

22. Bennett GG, Foley P, Levine E, Whiteley J, Askew S, Steinberg DM, et al.
Behavioral treatment for weight gain prevention among black women in
primary care practice: a randomized clinical trial. JAMA Intern Med. 2013;
173:1770–7.
23. Bandura A. Self-efficacy: toward a unifying theory of behavioral change.
Psychol Rev. 1977;84:191–215.
24. Bennett GG, Warner ET, Glasgow RE, Askew S, Goldman J, Ritzwoller DP, et
al. Obesity treatment for socioeconomically disadvantaged patients in
primary care practice. Arch Intern Med. 2012;172:565–74.
25. Greaney ML, Quintiliani LM, Warner ET, King DK, Emmons KM, Colditz GA, et
al. Weight management among patients at community health centers: the
“be fit, be well” study, vol. 5. New Rochelle: Obesity and Weight
Management. Mary Ann Liebert, Inc.; 2009. p. 222–8.
26. Lanpher MG, Askew S, Bennett GG. Health literacy and weight change in a
digital health intervention for women: a randomized controlled trial in
primary care practice. J Health Commun. 2016;21(Suppl 1):34–42.
27. Heil DP, Brage S, Rothney MP. Modeling physical activity outcomes from
wearable monitors. Med Sci Sports Exerc. 2012;44:S50–60.
28. Heil DP, Bennett GG, Bond KS, Webster MD, Wolin KY. Influence of activity
monitor location and bout duration on free-living physical activity. Res Q
Exerc Sport. 2009;80:424–33.
29. Heil DP. Predicting activity energy expenditure using the Actical activity
monitor. Res Q Exerc Sport. 2006;77:64–80.
30. Haskell WL, Lee I-M, Pate RR, Powell KE, Blair SN, Franklin BA, et al. Physical
activity and public health: updated recommendation for adults from the
American College of Sports Medicine and the American Heart Association.
Med Sci Sports Exerc. 2007;39:1423–34.
31. Stewart AL, Hays RD, Ware JE Jr. The MOS short-form general health survey.
Reliability and validity in a patient population. Med. Care. 1988;26:724–35.
32. Office of the Assistant Secretary for Planning and Evaluation. HHS poverty
guidelines. Washington, DC: US Department of Health and Human Services;
2010. https://aspe.hhs.gov/2010-hhs-poverty-guidelines. Accessed 28 July 2017
33. Garber CE, Blissmer B, Deschenes MR, Franklin BA, Lamonte MJ, Lee I-M, et
al. American College of Sports Medicine position stand. Quantity and
quality of exercise for developing and maintaining cardiorespiratory,
musculoskeletal, and neuromotor fitness in apparently healthy adults:
guidance for prescribing exercise. Med Sci Sports Exerc. 2011;43:1334–59.
34. James E, Freund M, Booth A, Duncan MJ, Johnson N, Short CE, et al.
Comparative efficacy of simultaneous versus sequential multiple health
behavior change interventions among adults: a systematic review of
randomised trials. Prev Med. 2016;89:211–23.
35. Laska MN, Lytle LA, Nanney MS, Moe SG, Linde JA, Hannan PJ. Results of a
2-year randomized, controlled obesity prevention trial: effects on diet,
activity and sleep behaviors in an at-risk young adult population. Prev Med.
2016;89:230–6.
36. Metzgar CJ, Nickols-Richardson SM. Effects of nutrition education on weight
gain prevention: a randomized controlled trial. Nutr J. 2016;15:31.
37. Banks-Wallace J, Conn V. Interventions to promote physical activity among
African American women. Public Health Nurs Blackwell Science Inc. 2002;19:
321–35.
38. Whitt-Glover MC, Keith NR, Ceaser TG, Virgil K, Ledford L, Hasson RE. A systematic
review of physical activity interventions among African American adults: evidence
from 2009 to 2013. Obes Rev Wiley Online Library. 2014;15:125–45.
39. Richter DL, Wilcox S, Greaney ML, Henderson KA, Ainsworth BE.
Environmental, policy, and cultural factors related to physical activity in
African American women. Women Health. 2002;36:91–109.
40. Wilcox S, Richter DL, Henderson KA, Greaney ML, Ainsworth BE. Perceptions
of physical activity and personal barriers and enablers in African-American
women. Ethn Dis. 2002;12:353–62.
41. Greaney ML, Askew S, Foley P, Wallington SF, Bennett GG. Linking patients
with community resources: use of a free YMCA membership among lowincome black women. Transl Behav Med. 2016; Available from: doi: 10.1007/
s13142-016-0431-7
42. Wolin KY, Heil DP, Askew S, Matthews CE, Bennett GG. Validation of the
international physical activity questionnaire-short among blacks. J Phys Act
Health. 2008;5:746–60.
43. Kumanyika SK, Obarzanek E, Stevens VJ, Hebert PR, Whelton PK, Kumanyaka SK.
Weight-loss experience of black and white participants in NHLBI-sponsored
clinical trials. Am J Clin Nutr. 1991;53:1631S–8S.

